: The quantitative evaluation indices concerning the heating characteristics are introduced, and the heating characteristics of an interstitial array applicator composed of the coaxial-slot antennas are examined by the numerical analysis. It is important to know how the blood flow and the input power affect the heating characteristics of the applicator. Therefore, as an example, the charts displaying the relation among the blood flow rate, the input power and these indices have been made. From such charts, understanding and the quantitative comparison of the heating characteristics of the applicator are possible without referring the graphs of the temperature distributions. Moreover, appropriate input power can be decided from such charts for arbitrary position and volume of a target tumor. The evaluation by these temperature indices is useful not only to the design of the applicator but also to the aid of the treatment planning.
Introduction
So far, several numerical temperature indices, such as teq43 (Thermal Isoeffect Dose) 1), based on the temperature data measured during the treatment have been proposed 1-6)and the relations of those indices to clinical outcomes have been discussed. On the other hand, in many cases the heating capacities such as the shapes of temperature distributions are simply displayed by the three-dimensional projection chart7) or the contour map 8) in a specific observation plane. Although the shape of the temperature distribution is a significant factor, a whole grasp of the shape and quantitative comparison of the temperature distributions are rather difficult in such manners of the illustration. Therefore, if the heating capacities can also be handled quantitatively, the design and optimization of the structure of the applicator will become more efficient and easier.
For this reason, we have introduced several quantitative temperature indices that represent the characteristics of the temperature distribution. In this paper, an array applicator composed of the coaxial-slot antennas9, 10-13) has been chosen as an example of interstitial microwave applicators. The relationships among the blood flow, the input In this paper, as a basic structure, the structural parameters were set as follows: Wsl = 1 mm, Nsl = 1, Lts = 20 mm, Dt = 70 mm and As = 20 mm. The microwave power was fed to all of the elements at the frequency of 430
MHz in the same amplitude and in phase.
Since the purpose of this paper is to propose the method for quantitative evaluation of temperature distribution,
we employed simplified models in the calculation of the SAR and temperature inside the tissue. At first, the SAR was calculated by using the Method of Moments 12). In this analysis, the human body including the tumor tissue was modeled as a homogeneous medium which had the same characteristics as the muscle 14) for simplicity12 (a) Electrical properties (b) Thermal properties 9)
Heat transfer caused by the blood flow considerably affects the temperature distribution, but practical numerical model including the dependency of the blood flow rate on the temperature has not completely established so far.
Therefore, in this simulation the dependency of the blood flow rate on the temperature was not included as generally employed in many calculation models 8,17).
The tumor must be heated up to the therapeutic temperature within 10-20 minutes from the start of the treatment to avoid the induction of the thermotorelance 1,3). In this analysis the temperature distribution after heating for 10 minutes was discussed 9). In some cases the temperature may not saturate after 10 minutes because of low blood flow and so forth, but even in such cases the temperature will rise as the tissue is heated. Therefore this is regarded as an evaluation with the minimal heating capacity of the applicator.
Results and Discussion
Here, the example of application of the temperature indices is shown with the calculated result. In clinic, precise estimation or in-situ monitoring of the blood flow rate of the tumor is difficult at present 8), and determination of the input power before the start of the heating is not always necessary because the feedback control of the temperature is conducted. However, it will be rather helpful for the treatment planning if the optimal input power for the required heating volume is known in advance. Then in order to grasp the effects of the input power and the blood flow on the characteristics of the applicator comprehensively, the relationships among the blood flow rate , the input power and the temperature indices are charted as shown in Figs. 3 (a) -(e). From such charts, one is able to see the characteristics of the applicator to some extent without referring the graphs of the temperature As mentioned earlier, these temperature indices introduced in this paper are useful because one can understand the characteristics of the applicator quantitatively from these indices, not only to the design and development of the applicator but also in clinical applications. Those indices except for Rv43 are fundamentally dependent on neither the numerical model nor the heating technique, and one can set arbitrary criteria of these indices according to the conditions of the target tumor in clinical application. For instance, since the objective to employ the array applicator is to obtain large heating area, at least Dni43 should be longer than the diameter of the applicator. In addition, for more comprehensive treatment evaluation, these temperature indices should be examined together with other indices which can be obtained from the measured data during the treatment, such as teq43, T90 and Tmin 1, 3).
